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Figure 1. The result of Wakitani’s cartilage repair score. A: in 2 weeks and
B: in 4 weeks after injection. Date was expressed in average 95% CIs. N ¼
8, *P < 0.05, **P < 0.01.
Abstracts / Osteoarthritis and Cartilage 22 (2014) S7–S56 S31old. Four weeks after creation the defect, 1.0 106 bone marrow MSCs
diluted with phosphate-buffered saline (PBS) was transplanted into
right knee joint and PBS without MSC was injected into left knee joint.
MSCs were aspirated from an 8-week old male Wistar rat and cultured
in a monolayer. The rats were divided into two groups and then femur
was classiﬁed into four groups; no exercise group (left: PBS group as
control, right: MSC group) and treadmill exercise group (left: exercise
group. right: MSC þ exercise group). Treadmill exercise, at the speed of
12 m/min and 3 times a week in frequency, was started at 2 days after
intra-articular injection. After 2 and 4 weeks injection, the rats were
euthanized, both knees were removed and femur specimens were
made. The 6-micrometer thick serial sections of the femur specimen
stained with safranin-O and hematoxylin-eosin were examined and
scored withWakitani’s cartilage repair score. The statistical signiﬁcance
of any differences between groups was determined using a one-way
analysis of variance and the nonparametric Kruskal-Wallis test, fol-
lowed by Bonferroni’s test. The collagen orientation and type II collagen
expression were also observed by picrosirius red staining and anti-type
II collagen immunohistochemical staining.
Results: At 2 weeks after injection, only MSC þ exercise group showed
signiﬁcant recovery in Wakitani’s cartilage repair score compared with
PBS group (Fig. 1A, P < 0.05). Mostly ﬁbrocartilages like cells were
observed in regenerated cartilage in PBS and PBS þ exercise group but
mostly hyaline cartilage cell morphology were observed in MSC and
MSC þ exercise group. MSC injection, especially with exercise, lead
regenerated cartilage which was thicker than the cartilage of PBS and
PBS þ exercise group. At 4 weeks after injection, MSC and MSC þ
exercise group showed signiﬁcant recovery in Wakitani’s score com-
pared with PBS group and PBS þ exercise group (Fig. 1B, P < 0.01). The
score was better in MSC þ exercise group than MSC group (P < 0.05).Figure 2. The sections were stained with anti-type II collagen at 4 weeks
after injection. Black bars show 0.1mm.Type II collagen expression were appeared more abundantly in MSC þ
exercise group at 4 weeks (Fig. 2).
Conclusions: Treadmill exercise promotes cartilage regeneration for at
least 4 weeks after MSCs transplantation compared with no exercise. In
this cartilage defect model, combination of MSCs transplantation and
exercise might promote cartilage repair compared with single MSCs
transplantation, and could indicates the signiﬁcance of exercise as
rehabilitation post cell therapy on cartilage
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Purpose: Osteoarthritis commonly affects the knee joint and is asso-
ciated with chronic pain, disability and a reduced quality of life. Pro-
spective studies report a 10-fold increased risk of post-traumatic
osteoarthritis (PTOA) 12-20 years post knee injury. There is a paucity of
research examining outcomes associated with PTOA early in the period
(<10 years post-injury) between joint injury and PTOA onset. A better
understanding of this interval could inform secondary prevention
strategies aimed at delaying or preventing progression to disease. This
investigation aimed to examine the association between sport-related
knee joint injury history and clinical, functional, physiological
and structural outcomes related to future PTOA, 3-10 years following
injury.
Methods: This historical cohort study included 50 young adults (ages 15
to 26) recruited fromprevious studies that examined injury risk in youth
sport. Twenty-ﬁve individuals with a sport-related intra-articular knee
injury sustained 3-10 years previously (median; range: 5.8 yrs; 4.2-9.5)
and 25 uninjured controls matched on age, sex and sport (34 males; 17-
26yrs: 16 females; 14-26yrs). History of intra-articular knee injury
(clinical diagnosis including bone, cartilage, ligament or meniscal injury
requiring medical attention and time loss from sport) was established
based on injury report forms from previous studies and then conﬁrmed
with participants. Outcome measures include; Knee Osteoarthritis and
Injury Outcome Score (KOOS), amount of moderate-vigorous physical
activity (PA) participation per week (Godin Leisure Time Questionnaire),
side-to-side quadriceps strength differential (dynamometry), blood
serum inﬂammatory biomarker proﬁle, body composition (DEXA), MRI
Osteoarthritis Knee Score (MOAKS) and vastus mediallis (VM) cross
sectional area (CSA; sonography). Descriptive statistics (mean, 95%CI),
Risk Ratios (RR, 95%CI; sonography) and principal component analyses
(biomarkers) were used to compare study groups.
Results: Injured participants had more knee related symptoms [KOOS;
injured 92.1(95% CI; 88.5-95.8); uninjured 82.3(95% CI; 77.6-87)], and
poorer scores on knee related quality-of-life [injured 98.3(95% CI; 96.9-
99.7); uninjured 90.1(95% CI; 87.6-93.6)], and sport [injured 97.6(95%
CI; 95.9-99.2); uninjured 90.8(95% CI; 87.2-94.3)] KOOS sub-scales then
uninjured controls (Figure 1). Therewas no between group difference in
side-to-side VM size [injured 2.1 cm2 (95% CI; 1.5-2.7); uninjured 1.6
cm2 (95% CI; 0.5-2.6)], however, the injured group were 2.6 times more
likely to have a side-to-side difference in VM CSA>10% compared to the
uninjured group (RR¼2.6; 95%CI 1.3-6.2). There were no differences in
PA participation [injured 59.2 METS (95% CI; 48-70.5); uninjured 72.0
METS (95% CI; 55,88.5)], side-to-side quadriceps strength [injured 6.0
kg (95% CI; 3.8-8.2); uninjured 6.2 kg (95% CI; 3.4-9.1)], total percent fat
[injured 20.1% (95% CI; 17.3,24.6); uninjured 25.2% (95% CI; 13.5-36.9)],
or total percent lean body mass [injured 76%(95% CI; 72.2-80); unin-
jured 82.5%(95% CI; 70-95.3)]. Based on a subset, injured participants
demonstrated a blood-serum biomarker proﬁle (n¼30) consistent with
a clinically deﬁned OA patient cohort and more MRI abnormalities
(n¼14) consistent with future arthropathy (bone marrow lesions, car-
tilage loss and meniscal pathology). A larger sample size will allow for
consideration of history of additional injury, time since injury and knee
injury type in the analyses.
Conclusions: This study provides preliminary evidence that young
adults with a sport-related knee injury history demonstrate greater
clinical symptomology (KOOS), distinct physiology (inﬂammatory bio-
marker proﬁle), knee muscle morphology (VM CSA) and joint structure
(MOAKS) 3-10 years post-injury compared to uninjured controls. These
ﬁndings will inform the early identiﬁcation of individuals at risk of
PTOA and development of secondary prevention.
Figure 1. Comparison of KOOS Proﬁle
Table 1
Correlation between SF-C2C and SF- cartilage, SF- bone markers and SF- cytokines
after acute knee injury. The signiﬁcance level was set at P<0.01 and a correlation
coefﬁcient was deﬁned as r>0.25. Correlated biomarkers are bolded.
P-values r values
ARGS <0.001 0.337
sGAS 0.003 0.293
OCL <0.001 0.345
SPARC 0.877 -0.150
OPN <0.001 0.371
IL-1b 0.586 -0.053
IL-6 0.880 0.014
IL-8 <0.001 -0.385
TNF-a 0.801 0.025
COMP 0.406 0.081
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TIME DEPENDENT DIFFERENCE IN SYNOVIAL FLUID AND SERUM
TYPE II COLLAGEN BIOMARKER C2C AFTER KNEE INJURY – A
CROSS-SECTIONAL STUDY
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Purpose: The aim of this cross-sectional study was to analyze the time
dependent release of cartilage type II collagen degradative C2C neo-
epitope into synovial ﬂuid (SF) after knee injury and to correlate it with
serum (SE) C2C, SF- ARGS-aggrecan, SF- cartilage oligomeric matrix
protein (COMP), SF- sulfated glycosaminoglycan (sGAG), SF- osteocalcin
(OCL), SF- secreted protein acid and rich in cysteine (SPARC), SF-
osteopontin (OPN), SF- pro-inﬂammatory cytokines (IL-1b, IL-6, IL-8,
TNF-a) and with structural bone and cartilage injuries as visualized by
magnetic resonance imaging (MRI).
Methods: At 0-32 days (n¼148, acute phase) ormore than 2 years (n¼41,
chronic phase) after a severe knee injury, 189 patients (29% women,
median age 24 years) were included in this study. SF was aspirated from
all patients; SEwas collected from78 of these. SFwas also collected from
eight age and gender-matched knee healthy reference subjects (25%
women,median age 22 years). SF- sGAGwas analyzed by the Alcian blue
method. SF-COMP (BioVendor), and SF- and SE-C2C (IBEX) biomarkers
were analyzed using ELISA according to the manufacturers. SF- ARGS
was measured with an electrochemiluminescence (ELCL; fromMSD) in-
house immunoassay using an anti-aggrecan antibody (AHP0022; Invi-
trogen) for capture, and a monoclonal anti-ARGS for detection. SF- OCL,
OPN, SPARC, IL-1b, IL-6, IL-8 and TNF-a were measured by ELCL multi-
plex assays according to manufacturer (MSD). We evaluated: (1) the
correlation between SE- and SF-C2C concentrations and other cartilage
and bone markers and cytokines; (2) the relationship between SF-C2C
concentrations in the acute phase and the presence and severity ofFigure 1. Synovial ﬂuid C2C concentrations were analyzed from knee
injured patients according to the time between injury and SF aspirationosteochondral fracture, and anterior cruciate ligament, meniscus and
cartilage injuries by 1.5 Tesla magnetic resonance imaging (MRI). Stat-
istical analysiseswere performed usingOneway-ANOVA for comparison
of SF-C2C concentrations depending on time between injury and SF
aspiration, ANCOVA in MRI comparisons and Pearson partial correlation
for correlation analysis when adjusted for days after injury, age and sex,
respectively. In the correlation analysis, biomarkers with skew dis-
tribution were log transformed before analysis.
Results: The mean C2C concentration in SF was signiﬁcantly increased
compared to the reference group 1 day after injury (P¼0.034, Fig.1) and
stayed elevated up to a chronic phase (P¼0.014, Fig. 1). SF collected
between 4-7 days and 8-32 days after injury had signiﬁcantly higher
C2C levels compared to those collected the same day as the injury
(P¼0.02 and 0.002, respectively, Fig.1). The SF-C2C concentrations were
signiﬁcantly associated with SE-C2C levels in the acute phase (P<0.001,
r¼0.611). The acute phase SF-C2C levels were signiﬁcantly associated
with SF levels of ARGS-aggrecan, sGAG, OCL, OPN and inversely asso-
ciated with IL-8 (Table 1). No correlations were found between the
acute phase SF-C2C levels and MRI ﬁndings.
Conclusion: The SF-C2C concentration was signiﬁcantly elevated from
day 1 after knee injury and stayed higher than reference levels more
than 2 years after injury. The SF-C2C concentrations correlated sig-
niﬁcantly with SE-C2C in acute period. In the acute phase after injury,
the SF-C2C concentration correlated with the aggrecan degradative
fragment SF-ARGS, but showed no correlationwith structural injuries as
visualized on MRI.
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Purpose: While knee osteoarthritis (KOA) is typically a slowly pro-
gressive disorder, it has recently been appreciated that 5-17% of knees
rapidly progress (e.g. from normal to end-stage structural damage
within 4 years). Knee injuries are a strong risk factor for KOA and may
distinguish knees with rapid KOA from traditional (non-rapid) KOA
progression and knees with no KOA. We aimed to evaluate if recent
knee injury was associated with rapid KOA.
Methods: In the Osteoarthritis Initiative (OAI) we only studied partic-
ipants free of any knee OA on their baseline radiographs (Kellgren-Law-
rence [KL] < 2). We compared three groups: 1) rapid KOA: at least one
knee progressed to end-stage KOA (KLGrade 3 or 4)within 48months, 2)
non-rapid progression: at least one knee increased in radiographic
scoring within 48months (excluding those deﬁned as rapid KOA), and 3)
No KOA: no change in KL grade by 48-month follow-up. At baseline,
participants were asked if their knees had ever been “injured badly
enough to limit ability to walk for at least two days” and at each annual
visit they were asked this question about injuries during the prior 12
months. Among individuals with no KOA we examined if either knee
incurred an injury. We ﬁrst evaluated the distribution of knee injuries
among the three groupswithChi-square tests.We thenusedmultinomial
